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Over the temperature range of 15 to 35°C the highest 
phosphate absorption by proteoid roots occurred at 35°C, 
whereas in the case of ordinary roots absorption increased 
over the entire temperature range. Desorption revealed that 
a greater fraction of the absorbed phosphate in ordinary 
roots apparently occurs in the free space. Phosphate 
absorption, especially by proteoid roots , was increased by 
the addition of sugars. Proteoid roots were not consistently 
characterized by higher phosphate absorption than the 
ordinary roots. Sugars had no significant effect on oxygen 
uptake by both types of roots, but proteoid roots displayed 
a higher oxygen uptake than ordinary roots . The results 
indicate that proteoid roots are metabolically more active 
than ordinary roots, and that metabolic processes are to a 
greater extent involved in ion absorption by proteoid than 
by ordinary roots. 
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Oor die temperatuurgebied van 15 tot 35°C het die grootste 
opname van fosfaat deur proteorede wortels by 25°C 
plaasgevind, terwyl in die geval van gewone wortels opname 
oor die hele temperatuurgebied toegeneem het. Desorpsie 
het aan die lig gebring dat 'n groter fraksie van die 
opgeneemde fosfaat in gewone wortels klaarblyklik in die 
vrye ruimte voorkom. Fosfaatopname, veral deur proteorede 
wortels, is deur die byvoeging van suikers verhoog. 
Proteorede wortels is nie deurgaans deur 'n hoer 
fosfaatopname as die gewone wortels gekenmerk nie. 
Suikers het geen betekenisvolle invloed op suurstofopname 
deur albei wortelsoorte gehad nie, maar proteorede wortels 
het 'n hoer suurstofopname as gewone wortels vertoon. Die 
resultate toon dat proteorede wortels metabolies meer aktief 
as gewone wortels is, en dat metaboliese prosesse tot 'n 
groter mate in ioonopname deur proteorede as gewone 
wortels betrokke is. 
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Introduction 
It is generally assumed that proteoid roots develop especially 
in infertile soils in order to enhance the absorption of nu-
trients. Lamont {1976) even regards proteoid roots as a 
symptom of growth in poor soils. 
On account of the effect of the respiratory uncoupler, 
2,4-dinitrophenol (DNP) on phosphate and potassium ab-
sorption by excised ordinary and proteoid roots of the 
Proteaceae, as well as on the basis of kinetic analysis of the 
uptake of the above-mentioned two elements over a wide 
concentration range, Vorster & Jooste {1986a) concluded that 
ion uptake by proteoid roots is controlled to a greater extent 
by metabolic processes than in the case of ordinary roots. 
The temperature coefficient (Q 10) for active ion absorption 
is usually two or more (Epstein 1972). It is also generally 
accepted that metabolic ion absorption is stimulated by 
carbohydrates and that a relationship between ion accu-
mulation and sugar content of the tissue exists (Pitman, 
Mowat & Nair 1971). 
In an attempt to shed more light on the metabolic nature 
of ion absorption by proteoid roots, the effects of temperature 
and carbohydrates on phosphate uptake by excised ordinary 
and proteoid roots was investigated, as well as oxygen uptake 
by the two types of roots in the presence and absence of 
sugars. 
Materials and Methods 
Root samples of Protea compacta R. Br. plants {12 to 18 
months old) in dual-compartment gauze bags (to ensure 
subjection of the two types of roots to identical experimental 
conditions), were prepared and placed in an intermediate 
solution (0,5 mmol dm- 3 CaS04 at 25°C for 30 min) as 
previously described (V orster & J ooste 1986a). 
The experimental solutions (minimum volume 250 cm3 
per sample) contained KH2P04 at 0,5 mmol dm - 3 in a 
0,5 mmol dm - 3 CaS04· solution. 32P (approximately 83,24 kBq 
500 em - 3) was used as tracer. Where the effect of temperature 
on phosphate absorption was studied, the temperature of the 
intermediate as well as the experimental solutions was 15,25 
and 35°C. In the experiment on the effect of sugars on 
phosphate absorption, the experimental solutions contained 
sucrose or fructose at 3 mmol dm- 3. Uptake was at 25°C 
for periods of 15 and 60 min. 
Following removal from the experimental solutions, the 
samples were rinsed for a total of 1 min in a series of four 
beakers, each containing 200 cm3 deionized water. Where a 
desorption treatment was employed (as shown in the relevant 
tables), the samples were subsequently placed for 30 min in 
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an aerated desorption medium which was identical to the 
experimental solution, except that the tracer was omitted and 
the temperature was kept at zoe. The pH of the intermediate 
solution, experimental solutions and desorption media varied 
between 5,5 and 6,0. 
Following these treatments, the samples were allowed to 
dry on absorbent paper, whereupon the roots were removed 
from the bags and dried at 80°C for 16 h. 
The samples were dry ashed, analysed radiometrically and 
the phosphate uptake calculated as previously described 
(Vorster & Jooste 1986a). 
Oxygen uptake of ordinary and proteoid roots (1 g samples) 
was determined with a Gilson respirometer. The following 
solutions were placed in the main compartment of the reaction 
flasks: 0,5 mmol dm- 3 CaS04 (2,5 cm3), 0,4 mmol dm - 3 
NaHC03 (0,5 cm3) and 100 mmol dm - 3 sugar solution 
(2,5 cm3) . In the control treatment the latter was replaced by 
an equal volume of the CaS04 solution. 
Three to four replicates of each treatment were employed; 
each experiment was repeated at least twice (on consecutive 
days). The mean and standard error for each treatment were 
calculated. Differences between means of more than twice the 
standard error were regarded as significant. 
Results and Discussion 
In the case of proteoid roots (Table 1) an increase in tem-
perature from 15 to 25°C generally resulted in higher phos-
phate absorption, while a decrease occurred with a further 
rise in temperature to 35°C. Phosphate absorption by the 
ordinary roots, however, increased over the whole temperature 
range. This can be regarded as a further indication that 
metabolic processes are to a greater extent involved in ion 
absorption by proteoid than by ordinary roots. 
The ratio between phosphate absorption by proteoid and 
ordinary roots (Table 1) illustrates more clearly that in general, 
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relatively more phosphate was absorbed by the proteoid than 
by the ordinary roots. In addition, desorption was responsible 
for a greater difference between ordinary and proteoid roots 
concerning the remaining amount of phosphate - to such 
an extent that the amount of absorbed phosphate in the 
ordinary roots, where a desorption treatment had not been 
applied, was even higher than that in the proteoid roots after 
an absorption period of 15 min at 25 and 35°C. This indicates 
that a greater fraction of the absorbed phosphate in ordinary 
roots apparently occurs in the free space (especially following 
a shorter absorption period) and is thus capable of being 
released again - a further indication of greater metabolic 
absorption by the proteoid roots. 
The fact that the amount of phosphate in proteoid roots, 
following a 15-min absorption period at 35°C, regardless of 
a desorption treatment, was lower than that in ordinary roots, 
is possibly related to the already-mentioned suppressing effect 
of this temperature on absorption by proteoid roots. 
Table 2 shows that phosphate absorption by proteoid roots 
was increased by the addition of sugars. This is illustrated 
more clearly by the ratio between phosphate absorption in 
the presence and absence of sugar. The largest stimulation 
of phosphate uptake in the presence of both fructose and 
sucrose occurred at the longer absorption period of 60 min. 
This, together with the fact that sugars had little or no 
stimulatory effect in the case of ordinary roots, is probably · 
a further indication of the greater involvement of metabolism 
in ion absorption by proteoid than by ordinary roots. 
It should be noted that in this case the amount of absorbed 
phosphate in proteoid roots was lower or only slightly higher 
than in ordinary roots (Table 2). It is possible that this 
could have been due to differences in the initial phosphate 
status of the two types of roots (Vorster & Jooste 1986a, 
1986b). Proteoid roots are short-lived structures, and a 
seasonal effect might therefore also have been involved, since 
Table 1 Phosphate absorption by excised ordinary and proteoid roots at different temperatures. 
± Indicates the standard error. The ratio : a~sorp!ion ~Y pr~teoid roo;s is also shown 
a sorp 10n y or mary roo s 
Absorption 
period 
(min) 
15 
60 
15 
60 
Proteoi"d 
roots 
c:: 
.9 
0. 
..c: .... 
- 0 ~{l 
118 
± 9 
409 
c:: 
.9 
0. (3 
0 "' z~ 
155 
± 19 
535 
± 118 ± 50 
With 
desorption 
1,31 
1,95 
Ordinary 
roots 
90 
± 19 
210 
c:: 
.9 
0. (3 
0 "' z~ 
145 
± 48 
275 
± 55 ± 24 
No 
desorption 
1,07 
1,95 
P Absorption (J.Lg g - 1 dry mass) 
Proteoid 
roots 
244 
± 96 
790 
c:: 
.9 
0. (3 
0 "' z~ 
181 
± 76 
600 
± 96 ± 121 
Ordinary 
roots 
156 
± 33 
284 
c:: 
.9 
0. (3 
0 "' z~ 
219 
± 37 
308 
± 78 ± 62 
R . P absorption by proteoid roots 
atio P absorption by ordinary roots 
With 
desorption 
1,56 
2,78 
No 
desorption 
0,83 
1,95 
Proteoid 
roots 
191 
± 68 
580 
c:: 
.9 
0. 
.... 
0 
0 "' z~ 
192 
± 62 
533 
± 181 ± 101 
With 
desorption 
0,71 
1,44 
Ordinary 
roots 
268 
± 38 
402 
c:: 
.9 
0. (3 
0 "' z~ 
295 
± 42 
437 
± 83 ± 70 
No 
desorption 
0,65 
1,22 
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Table 2 The effect of sugars on phosphate absorption by excised ordinary 
and proteoid roots (with desorption). ± Indicates the standard error. 
The ratio 
Absorption 
period 
(min) 
15 
60 
15 
60 
P absorption with sugar is also shown P absorption without sugar 
P absorption (~g g - 1 dry mass) 
Phosphate 
Phosphate + fructose 
Proteoid 
roots 
66 
± 29 
136 
± 25 
Ordinary Proteoid Ordinary 
roots roots roots 
203 75 216 
± 55 ± 34 ± 58 
268 337 309 
±59 ± !52 ±78 
R . P absorption with sugar 
alto p absorption without sugar 
1,14 
2,48 
1,06 
I ,15 
Phosphate 
+ sucrose 
Proteoid 
roots 
72 
± 26 
293 
± 86 
1,09 
2,15 
Ordinary 
roots 
168 
± 29 
218 
± 102 
0,83 
0,81 
Table 3 The effect of sugars on oxygen uptake by excised ordinary and proteoid roots. 
± Indicates the standard error. The ratio oxygen uptake by proteoid roots is also shown 
oxygen uptake by ordmary roots 
Uptake 
period 
(min) 
10 
20 
30 
40 
10 
20 
30 
40 
Control 
19,3 ± 5,5 
41 ,0 ± 7,0 
62,0 ± 7,1 
75,3 ± 10,6 
1,58 
I ,81 
1,85 
1,67 
Proteoid roots 
Sucrose 
13,0 ± 2,9 
27,0 ± 9,7 
41,2± 17,3 
62,1 ± 23 ,7 
Oxygen uptake (mm 3) 
Fructose Control 
21 ,2 ± 5,2 12,2 ± 10,3 
44,1 ± 3,5 22,6 ± 12, 1 
65,3± 9,7 33,6± 17,7 
85,1 ± 17, 1 45,1 ± 26,2 
Ratio oxygen uptake_ by proteoid roots 
oxygen uptake by ordmary roots 
2, 13 
1,67 
1,87 
2,26 
Acknowledgement 
Ordinary roots 
Sucrose 
6,1 ± 0,1 
16,2 ± 6,3 
22,0±7,3 
27,5 ± 7,8 
10,60 
4, 12 
3,33 
3,13 
Fructose 
2,0 ± 0,1 
10,7± 1,6 
19,6 ± 2,8 
27,2 ± 3,3 
551 
this investigation was conducted during the early spring (and 
was repeated during mid-spring, with the same results), 
whereas the previously-mentioned experiment (Table I) was 
conducted during early winter. 
Financial assistance from the C.S.I.R. is gratefully acknow-
ledged. 
Sugars had no significant effect on oxygen uptake by 
proteoid and ordinary roots (Table 3). Regardless of the 
treatment , proteoid roots displayed a higher oxygen up-
take than the ordinary roots (Table 3), and this is illustrated 
more clearly by the ratio between oxygen uptake by pro-
teoid and ordinary roots . This difference in oxygen uptake 
between the two types of roots was greatest in the presence 
of fructose . 
The higher oxygen uptake by proteoid roots appears to 
confirm that they are metabolically more active than the 
ordinary roots and therefore mainly responsible for active ion 
absorption. Possible seasonal effects can of course not be 
excluded. 
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